INTRODUCTION
Zinc-Lead deposits in the Irish Midlands are a controversial and enigmatic style of mineralisation. This ambiguity steams from the unique nature of these mineral deposits, which incidentally share a number of characteristics with petroleum reservoirs and their host basins. Irish-type deposits are hosted in Carboniferous carbonate sediments and exhibit strong stratigraphic and structural controls. The genesis of these deposits is dependant on a number of parameters, particularly the formation of, and processes acting on, the host basin (Johnston, 1999; Leach et al., 2005) . Thus, in order to fully understand deposit genesis, a detailed understanding of the entire sedimentary basin is required. . The large-scale nature of the sedimentary fluid flow systems that produce these ore deposits suggest it is necessary to understand not only the nature of mineralisation, but also the nature of the basin in which it is hosted. In this study we integrate typical methods of stratigraphic analysis (core and outcrop logging) with recently acquired seismic reflection data and gamma ray logs to ascertain the relationship between the stratigraphic and structural setting of the Ballinalack Zn-Pb deposit and the wider host basin (Dublin Basin).
Geometric relationships between layers as revealed by seismic reflection, in conjunction with detailed lithological analysis has shown extensional tectonism was the main driving force of sedimentation in the Dublin Basin. A period of significant extensional tectonism first occurred in the late Tournaisian (Moathill Event, ~348 Ma) and was accompanied by faulting and regional subsidence. This was followed by a period of relative tectonic quiescence, before a second period of tectonism during the lower Viséan (Tober Colleen Event, ~345 Ma) resulted in regional subsidence, but without significant faulting. Major subsidence associated with these events produced strong transgressions in the Dublin Basin, interspersed with periods of regression. This view of the tectonic history of the Irish Carboniferous basin contrasts with previous interpretations that suggest the Lower Carboniferous represents an overall deepening sequence. The suggested earlier timing of fault movement has implications for arguments about the origin of Irish-type Zn-Pb deposits and the necessity (or not) for having active faulting during mineralisation. These novel results reveal the value of a combined approach to sedimentary basin analysis.
in previous studies relying heavily on sporadic coastal, river and quarry outcrops along with diamond drill holes.
Furthermore, the economic importance of the Dublin Basin means emphasis is often placed on studies of sulphide mineralisation and the geology in the immediate vicinity of mineral deposits (Ashton et al., 1986; Jones and Brand, 1986) .
The similarity between Irish Zn-Pb host rocks and associated basins and petroleum systems, suggest that mineral exploration may be enhanced in the Irish Midlands by adopting exploration techniques used in the petroleum industry. With data provided by Teck Ireland, this study has had the unique opportunity to use seismic reflection, wire-line logs and extensive diamond drill core to conduct a detailed study of the evolution of the Dublin Basin and associated Zn-Pb deposit genesis.
METHODS
The core used in this study was provided by Teck. In total, 34 diamond drill holes were logged from across the Irish Midlands. The seismic survey was conducted by Teck in 2010-2012 and covered an area of approximately 725 km 2 . Open-hole wireline logs were run by Teck on 10 drill holes using a density gamma probe (trisonde). Natural radioactivity was measured in API units, at a step rate of 1 cm. Calcium carbonate analysis was performed on 75 drill core samples using volumetric measurement of gas released after digestion in hydrochloric acid.
STRATIGRAPHIC OBSERVATIONS
The Carboniferous stratigraphy of the Dublin Basin can be divided into four broad lithologies that are grouped together based on seismic stratigraphic characteristics. These major lithologies include cyclic fining upward sediments (the Lower Navan Group), finegrained argillaceous sediments (The Moathill Formation), bioclastic and argillaceous sediments (The Cruicetown Group) and fine-grained laminated to bioturbated sediments (The Lucan Formation).
The Lower Navan Group represents a highly variable tidal-peritidal marine sequence that progrades steadily towards the east. Gamma profiles exhibit an increasing response towards the top of the sequence, corresponding to increasing shale content. This rapidly transitions to shale-rich (with correspondingly high gamma), deeper water sediments of the Moathill Formation suggesting a significant relative rise in sea level (marine transgression e.g. Figure 3 ).
Following transgression was deposition of the Cruicetown Group. This sequence encompasses four different facies; the Lower Argillaceous Bioclastic Limestone (LABL), Waulsortian Mudmounds (host rock to mineralisation at Ballinalack), Reef Equivalent and Supra-Waulsortian. Lithologically, these facies differ considerably; however overall represent various stages of carbonate ramp development. The gamma response of the Cruicetown Group as a whole exhibits an overall decreasing response up sequence, until just below the overlying Lucan Formation, where the gamma response begins to increase slightly. Overall, the data indicate that the Cruicetown Group exhibits a gradual increase in carbonate and decrease in shale up sequence, suggesting an overall shallowing of the environment.
The top of the Carboniferous stratigraphy is characterised by the Lucan Formation and represents a deeper-water carbonate succession that blankets the Dublin Basin. The base of the Lucan Formation is defined by poorly laminated dark-grey calcareous shale of the Tober Colleen Formation, represented in seismic as a thin band of strong continuous reflectors that blanket the underlying stratigraphy. The Tober Colleen exhibits a high gamma response, low carbonate content and a blanketing geometry. The combination of these features suggests the Tober Colleen represents a maximum flooding surface associated with another widespread and significant marine transgression. The remainder of the Lucan Formation has a high gamma response in the lower portion, corresponding to deeper water sediments. Up sequence, the gamma response gradually decreases, whilst carbonate content steadily increases. Again this represents a gradual shallowing of the environment, however not to the extent observed in the Cruicetown Group.
STRUCTURAL OBSERVATIONS
Seismic data have been paramount in evaluating the geometry of structures associated with the Ballinalack Zn-Pb deposit as well as the wider Dublin Basin. Seismic and drill hole profiles show that the Ballinalack deposit is situated around a faulted palaeohigh which terminates just below the overlying Lucan Formation. At Ballinalack development of the Waulsortian Mudmounds appears to be closely associated with development of the palaeo-high. A similar affinity towards palaeo-high development is observed in the distribution of the Waulsortian Mudmounds elsewhere in the Dublin Basin.
Seismic reflection profiles from the western and central parts of the Dublin Basin display a consistent thickness for both the Lower Navan Group and Moathill Formation, and marginal thickening towards the east. Major faults are well defined by abrupt displacement of continuous reflectors. Conversely, seismic and drill core data display a great deal of variation in the thickness of the Cruicetown Group across the basin. Seismic profiles reveal that like Ballinalack, large normal faults appear to terminate just below the base of the Lucan Formation. 
CONCLUSIONS
By combining seismic profiles and detailed lithological observations (from drill core, gamma logs and carbonate analysis) new insight into the tectonostratigraphic history of the Dublin Basin is revealed (Figure 3) . The apparent timing of tectonism, as revealed by structural and stratigraphic evidence, suggests that the structures associated with mineralisation at Ballinalack were produced during deposition of the Moathill Formation and Cruicetown Group (mid-to late-Tournaisian). This initial tectonic event corresponds with a major marine transgression (Moathill Event) which began in the upper part of the Lower Navan Group and peaked during deposition of the Moathill Formation. This marine transgression is widely recognised across the Dublin Basin, suggesting the Moathill Event was of regional significance.
A second important tectonic event occurred during deposition of the Lucan Formation (Lower Viséan) and was again associated with a major marine transgression (Tober Colleen Event). The Tober Colleen Event began during the latest stages of Cruicetown Group deposition (during Supra-Waulsortian deposition) and was dominated by strong subsidence (rather than faulting). Previous tectonic interpretations of the Dublin Basin suggest that the Tournaisian was dominated by gentle subsidence and sagging, while most faults were produced as a result of Lower Viséan tectonism (Nolan, 1989; Strogen et al., 1990; Andrew, 1992; Pickard et al., 1992; Pickard et al., 1994; Strogen et al., 1995; Nagy et al., 2005) .
The data from the Ballinalack region completely changes this view. We suggest that most of the mineralised structures in the Irish Midlands were produced during the Tournaisian. These conclusions could not have been possible without the combination of both seismic data and detailed lithological analysis, therefore affirming the value of a combined approach where broad scale geometry relationships are difficult to ascertain.
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